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I 1 I — 'j:7yu>;^aMRBB 

i2v;<.7>v:r 5 6 \ 7 



li|fltn*<OtiEffll 

^'t^U^<rmm!im'^Wb.<r> 'j 7 r u > -b>>vra-e^ 

«rfE*«14^ ^ y •7'<0®«*««IS(0 'J 7 r U > -t 40 
-S 4 (cfBIRo 7 T > ;^^ao 

X@ f: , 50 
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2 

> J; V - X t ^: ^ J£t5:MJt ^ ffM-r ^ t , 

xet, 

•y y t 4 » 2 O^miBI ^ fiSt-t * IS i: , 

y*h'} yyyy-i-kza n-mum2<r>mwski^y^ 
lamm 2 nwmskn i. rfmmmn\3i^ ^ y f<o±izm 3 

»mBIS:fMi-^Xgi: Ci: 4r#® 4:1--& 'j 7 

r 1^ > X^H<OSjS:^ar** o T, 

xst. 

vi^y- h t^j^isi o»m)gi^fMl--i.xai:, 

ffirE#U 7r U>^-b;KD7n--r'f Hc^+Jo 
L n.-PixM«**M ^ ^ «®:<0 □ =£• :t 1- ^ -7 * 
fflv>T7* h >; v^^7 7^-UJ: 0«rfB»2<O3|BBI4: 
Jiy^v^L, 7T U>;^-t;HCiJv»r-€-tv-5'n.B 
-1. 7 n - ^ > ^r-j'- ^ =t5l^*1-^>X5g t , 

IJIE7a-x^ MBHc»2 0iffiiii)j|«-JBg!:i-* 

XSt, 

mmm 2 <7)f6^jKi5 J; j>'fiirfB««i4+ + y t'o jiuie 3 
toiteSiiK m&-r ^ xe , 

IW*«8l *»fii:^ilO«»ESfclimiESr*iJ$t1-'i. 
«5fB#'J 7r u>>?.-t;K±, ±BS:^1--&#»#:36« 
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(Oyu-T^^ >^y-h ti:mx.fzl p o I yMEPR 
- h t T ^ 7^ ^ r^iS t^m^J:^ SS53^0® «[ t CO Jt;6* «; 

[ai^a 91 ^aifco v ^ r ^ > ^ -t 

t JtRI"^ ^ t T'^V -7 T ^ «:fif 9 C: i: 

^ -r ^5, V -7 T ^ > >^ ^« * fijffl L ^ 7 r >f :&So 

[0 0 0 ll 

[0 0 0 2] 

[0 0 0 3] ClOi: 9 :7 T ^>X-lr;Ki, rv^^ 

li-t T O ^ i TK5 <!: ^ o T o 
[0 0 0 4] tfZs Ui^y^T*/"^^ :^(Omi3in^'th 

[0 0 0 5] 

u roj . ro, 5j > nj 

[0 0 0 61 -coJ:9^Safti*tL. ee^feorrn-^ 
t i -t > X Jt O ^ « O -t > 7 > 7^ ^ ffl « L T T' 
/ < ^ ;^ (O^rmt-t ^^t>ib ^mt Kfi^^-r ^ ^ <h ^ o 
[0 0 0 7] t7)-LOr3!>*ib. C:<0:^S-e(i:EIKM«d«iil 
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4 

[0 0 0 8] ^»^#»#:p«^U^«tlioV^ 
[0 0 0 91 c:<7)%^{i*>:«>^*if ^zS<;^T^§n;^c^> 

Sis J: «riitt-r ^ cit^gwfc-r^o 

[00 10] Z.(r)Xn^£')yrV>xmWi^mm 
r^iffo Z t^^'^^:b^^)yr4:fjmi^^'t^Zt 
[0 0 1 1 1 

•7r lx>x^«$rJttt-t^o 

[0 0 12] »2(C. ±fe^«Uib^v^T. StrlS#U7r 

fi^&^*ifzy-:^isxzfyu^>t. «rHeiffi<7)v->^ 

fifzzi> Yxj-)\.y^ h ti:mL. ZfihVyrU>:^ 
rao^-v>^^v^ >;^;&^a<7) u '7r ^>;:^-t;KHI-eM'i 

[0 0 13] »3tC. ±ie^fiU:feV^T. frie#V'7r 

is J: K > coHO-^ ^ ^^i-«i*cO±lc*fe^t)BIS:^ L 
fx^fz^y vu-)vy^Y t^mx^. ztihvyruyyf. 

[0 0 14] »4tC. #»ft:^«CO«a[i;^j{i||igE^fl 

^^-5)1*8^0'; -7 r u>;<-b;i/t. wti^od *><7>— 
SiR-r^SiRUKt mz^')yr\yy7.^}v 

±®^*-t^»l*«S<7>if^«ff2l«i:. 
tc®^$*ifcl52»«fflcov-;^ioJ:lKKV'f fr 
50 fBiMOV-J^^isJic;^ KP>f >OWco^^:f;i/®J*co± 
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5 

^ o T V » ^ C t S: #ei: t -r -& ij 7 rl' > ;^ tttti- 

to 0 1 51 fisstc, ±fe§iiuc*jv»T. ^>;7TU> 

SKK^rJ^ -^^v^^LT, 7 r ^>x-b;^07^- 
mum 2 <oi^i»)Bi*j j: r>'«trfB#«tt^ -v- y y<o±tc» 3 

h n-;ur- h t 3 0*m)K*B«-r-&X®i: 

[0 0 1 71 7tz, L^>^>'fi:4m^^«t5:<o'; 7r u 

b ViT^^-f -UJ: i9mfBSS2<oaiffi)R«:i yf^>'^^ 
7n-7^^ >^^y- h^?i?figi-;|,XSi:. frgB#»#36 
;^fc^:*lS:»«i*4r5^*i-^Xgt, m^n-x^v 
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6 

SrBfiK-t^Xgt. «[fB»3<0jffe$S^±lzn> fn-;i, 
h t 3 <0*1g|R«:5i^^-r*Xgfc 4-*-r^ C 

t«r#©ti--5';7r V >^il«<o^^ji:^ft^:tl«•r 
[0 0 18] ^8H, #^a|^^go«»Et;tli^)I?rfl 

SiR-f ^S4f?lsI?Si:?:«x> t(rfB# U 7 r U > -t ;u 

Y- VU<r>±.izn^^hixtz^m.<r>-7u-y-^ yyY- V 
timx.tzl p o I yMEPROMflliiir^tL, 3> h 
X2-A,Y- hffl5U:fe«t4 7n-f-'f htr^'x 

[0 0 191 fS9tc. L§v*«7!»J^^^^t5:co<;7r v 

>; 7 r U>:^^«Srfflv^;^^^<; -7 T-f ^rftt?*oT. «r 

EE«rEnijnL. -fO^O^-^fit^^aoSiiESr^U 7T U^- 
X -t A' omSE t JtK-t ^ t -c^ i; 7 r W «-fT 9 t ^ 
#8fct^-J. 7 r u>;^ilfli«-?ijffl LTt^U 7 r-f 

1 0 0 2 0 1 ±IB^ 1 J; ttJf. L # v^ttjj*^^ 

•t>;^T>'7'«:fflv^-i,c:i:^<, Y/'i-i y^.ff)^mtiiZti 

[0 0 2 1 1 aif2 0flW(wJ:*1.lf, 7T U^y^-fc^KO 
7n-ir ^ vyY- h t :3 > V D-;P'Jr'- h toiHIO^ 

•Sitizj:*), Y-y-i)~yyj^)ici^ii:h^Z>Z.h-il'-^ 
Ctvici I) >; 7r l'>;:^-t;Kr)Liv»«$^f|^:-&*> 

(0 0 2 21 'mz<r>m^\^i.i\.\i^ ya-Y^^ifY- 

Ui<>*<Ot?, «?i5rXS«:#*n^-5Ct^r<. «J 7 r l- 

> X -t ;K7) L # v^-fi ^ S <{> O t i" c: t Tjft' § o 
[0 0 2 3] ?S4<05l5gtc J:^tJf, ;&'J7t UVX-t;W 



7 

•7 r u > ;^ -fc L § v^^iSrS^^ o ^ - i: ;5t-e 
10 0 2 41 m5(0§tm{zXit\£. ^^)yTU>X^)V 

[0 0 2 61 ^8 0*?gtCj:tli^. ^<J^aiL b^>v;:^ 

ftfz^m<r>yu-y-^ yVY-Vt^mx^fzl poly 
u> Ym:-^^ihyu-y-^ ycfY- h t 

lo 0 2 71 »9co^Wtc<i:it«f. rV>7.^)V(r> 
10 0 2 81 

[0 0 2 91 la 1 \t^W^(ry-%'mm\^%h ')yrU 

> ^^mm^ihtfifzn^m^(7>m&i:m^mxi> 

ho 

[0 0 3 01 c:o[plK(i. ^m^^^mi^tjvi^ i;-7r 

[0 0 3 1 1 ')yrU>::^mS:2i±. y r U>::x,M^R 

>^-b;P5, 6. 7 ^«:fllx.ri5«). 'J "7 r P > StRgJ 

K 4 it J: I). V 7 r 1^>;^^;U5, 6, 7 cov^i*tt75^7!>? 



(5) #Ba¥ 9-181279 

[0 0 3 21 4^»^-tr 1 ii«ScE?a $ ttTH 2 (CS^-T 
J:o^4:;^TU^ 1 O^ff^ffiL. V "7r U>X't;i.5. 

[0 0 3 31 m^i^. -tJVl t LXyfm^^mi^^'e 
USrffl^^ y r U>:^mW.2<r>V y rU> X±)U 

5, 6, 7 LT[B]S!<0#3|t«:«:fflv^T. Z<0')yrU 
>:^^9.2i'ru^y2^y<^)yr-(\tZm^''ho ^LX. 

Jfc o 7t <b T'n ^ «: ftcit-f ^ -t ;w Sr -e- tL-ftL 'J :7 r 
>x-t;u5, 6, 7H^;e^-^^c: t(ci: rn^^ 

;K047KiSio^1»^^t;?g^«:tT9 - t*^-cd;5,o 

[0 0 3 41 ^fcis^ ia5lc^O|^o#ai^*:'fc;K0I-d 
20 #tt«:^i-o ifc, 0 6 ICprogramlow <r>m^^'t)V<0 
L^y^^m^^mm-to ZZX. program low tit. > 

§ v*««JE;6*-^(0 <t d ^ r n ^ -i.»f^<7)f^ufi < 35r ^ 
ikmiMM-Th ("'94 Syroposiumu on VL S ITe 
chnology " 9 7 9 8 M#flS) , C:cO jtBfc{*fe|R$i 

[0 0 3 51 ia6<i^V7T>f iSrL-e^BI^- K"C— ^ 
MiLT^cf^tCprogram low ^:tT-:> 7^c^"Cab'?>;&^> V+oO 

I d2 {ZHf^^-th V*i . I d3 (C^/^i-^ V*2 im^fz 3 * 

[0 0 3 6l-5fctc. V'7r lx>;^-t;KO«ji0g(cov%T 

[0 0 3 71 'ICt^fi. Poly- S i ^-v y/ffl<30 7n- 
h-t>'l'S:fliv>/c0J(COV^rSiWi"^o Poly 

8 3 3 5 1 4-^tC^$ttTj3t). «?llx.i^lll 7 tC^ 
i-J:di«iiS:*Lrv^^o i-5rt)*>. pMc036«2 1 
OiB(lnaov-;;^2 2 KV-^ > 2 3:d^JK«$tL 
TiJJ). -€-OfBlO'^^^;i/®iS2 4 0±trti. Y-Y^ 
mSk2 5 SrrfrLTPoly- S i <nyu-^>{ ^^T^- b 2 
^tmWL'&iXX^y)^ $<b(C-e-0±(CPoly- Si^^^y 
7^2 7:d^?g^SttTv^^o Poly-. S i ^-^y-f2 7(r>± 

tc{i0O;ttfoNo {mim-mm-mim) y^-h^^h 

«H*6$t«2 8 Sr^LTPoly- S i t^h^j:hzi > Y u - 
50 \ 2 9 7j^JKfiK$ttrv^^o •7n-f-^ >^ 
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[0 0 3 81 y^-'r^>yY-V2 6\t'^\^^)Vm^ 
2 Aimn X.o\zmth*tXi^^. ^c0±C0Poly- Si 
^\ y'f2 l\tV-7s2 2i^^XfYV>(>2 3 0— StS 

Ui:^^^--t^m^i:^j:LX\^^^o ^LX. COPoly- 
S i 7«i-7n-T-^ >^y- h 2 6<7>— SPi: 

LXm^ir^o COPoly- S i y 7^2 liWf^Z 

tfiZX^. yu-y^^ >yY-^ }.^Xr/:j> 

Wdgtci^v^TPoly. S i ^-V y r2 7 0ffi«S:^3fcf>L 
Poly- S i ^-^r y 7^2 7 ^ r7> h n-;u>$r'— f 2 9 

[0 0 4 01 ^yL\€. laso (a) - (c) \Z7i^'ttn 
Poly- S i 7-/0®«*:3ttau-r^Cl^C<t 

"rii-5>o 1"^t>^>. (a) U^fPoly- S i^-v y'/2 

StC^S^-^. (b) . (c) OJ:^(Z. JH^^g<Lfj 
(-r^t>^>ag|^:/2;< Poly- S i y 7^2 7 

2 7" «:;firi"^ V 7r U>X-fc;U$:±i£oU 7 r U 

[0 0 4 1 I^>;C, ^ttibOV 7r ^>X-t;i/OjHiSX 
® <50 — o V ^ T HI 9 ^ #HS L <b ife W i" -5) o 
[0 0 4 21 i-f. pM036«2 ltC^?Ox.ifKfl:vVr^ 

>i/<>'- hfflom OPoly- S i )K^?l^«-t'i>o - 
OHlOPoly- S i BSSr— iK6^^7* V^77>f- 
Xe^cJ: y^>^/Lr#'; 7r l/>x^r;^tc^t/S5-r 
;^,7^^7^>f >^r~ h 2 6 irmJ&ir^o ^k^^X. 4:^ 
>iiXi,zX^. #*#:3&«2 #U7rW> 
;j^-tr;K;oy-;:^2 2:feJ:D^KU^ >2 3 
9 (a) #HB) ^ 

[0 0 4 3] ^^tc. ^®(c*fe^|g|*JK^Lf>:f^. 

^ Lr#V 7 r uyy.-tJVoya-T-^ >vy- h 
2 6 0BtC. 01Ix.lfffi^ibv V n>75-^i^«6^tlR3 0 * 
mm.'t^ (09 (b) o 

[0 0 4 4] II2OP0IV- S i mi:W^^L. 

Si§#V7r v>;:^-t;ucopoiy- S i ^ -v y 7^n*4-;t^ L 

-^^^^Srfflv^r. 7* h»jyrr77>f-(cJ:i}»20Po 
ly- S i ffiiir^ y ^>i/L. 7 r u>x-t;K:::fev^ 
T-ett-r*tBa<OS:&^3||g14^^ 7^2 7. 2 7'. 
2 7"S:7n-T-^ h 2 6 7>-'b?;gai1-^ J: 9 

m&'T^ (119 (c) ^ 



(6) #gg^ 9-181279 

[0 0 4 5] ^XlZ^ Poly- S i y 7^2 7. 2 7'. 

2 7":feJ:a^|g$5«S3 0O±H. ^x.<^ONO (^fbfS 

^f>U^O±(::rPoly- S i hn-;uy- 

h 2 9imf&'rh (119 (d) #.Hs) , 

[0 0 4 6] JJ.±coxg«c J: tK Sv^tz t# v^-fiT^^^Si: 
^^&<ou y r uyy.'iDVirM^-t^ZtTb^X^^o 

[0 0 4 71 Z<DXoiZ^ Poly- S i y T^OjpXO 
r^(7>y:t h »; vr7 7>r ~XST% Poly- S i ^-v -y r 
70 (M») ^m^j:^^^^->i^y.^{zist'^x^< 

tznx. a«l^rXS*f+iJp-t^^tir<. 

§v^tt;^?^^^^j5r(7) »; 7t u>x-fc;i/S:^s^ig't 
* ^ f - > Sr f M L r -7 X 5fc A i" i: V ^ o jtS * 

[0 0 4 81 iil±o-fc;ni, 7n~T-^ ^^'Jr'- h<7)± 
tcpoly- S i ^•vy7'S:K:^t/c^>o•c*-^>:6^ 

20 y ySrKtt-r. -70-7^ b i>*tcPoly 

- S i ^ -v-y 7^<7)1jStg5:i^7t:-ti:T t J: v^^ C: O J: 9 ^« 
iSO-t;w=S:|g| 1 O-m 2(1:^-^0 Si OJiCicoJ:'?* 
•t;K;r)-t;uTU>f<7>— Sf4^-t¥mia-c*0. lai lii 
•eoX-X ' W^m. m \ 2(iY-Y ' BfMa-cab^o 
^f\^h(r>m\Z7^'^ X,^\z^ ^(7)-t;Kcj5v^T(i. 7n- 
T-^f h 3 7^^V-;^3 2i5<i:t>*Kl^>f >3 30 

-SR. i3J:tf|Sd^^J||««3 60-ffl5**/N*-i-^J:9 
li^ioTv^^o c:o-fc;K7)*#«;^fl|:Jtiiigii 1. 12 
t::^SttTv^^o -r^t>*>. PM03&K3 1 Oiffitin 

50 Moy-;^3 25:C^KW^>3 3;ii-^^S$ttT:fei9. -f- 
<0BO^-v:^;^««3 4 0±(c(i. h j^ig^lR 3 5 
fl^^^tvTv^^o -E-LT. r-h^»)Bl3 5<7)±t-iiPo 
ly- S i 0 7 0-7^ h 3 Itm^'^ix^Xi^ 

\m) ^^'b:fc-5>«|B|«^3 SSr^LTPoly- S i 

^-i>rr> hn-;ur- h 3 9;0^?|^^SttTv^^o 

[0 0 4 91 c:o^-5 4««o-b;i/tci5v^r«i. 7n- 
-^0 >>>^r- h 3 7<7)ffia^|Efl:^'^T. yu^^^y 
^Y- h 3 7 t n> hn~;i.r- h 3 9 hi)^'SLti:X)%^ 
S5^5^<7)B««:^fb$-^^C tjcj: Q 7n--r>f 

^-ii:. ^>oTr- h:^ 'y 7^;i^ifc^gg'fb^-ii:^C:t(rj: 

-^(Ct. y^—T^ y^Y-hirW^fS.'t^mz^ ±5EL 
7t:J:-9t::s #U 7 r l^>x-fc;K7)7n — -f -f >^y— 

50 S:fflv^-S£.S(i«ri,^o 
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[0 0 5 01 't3it>*>. S-r. pS02g«3 1 (CMxJf 
±tC7n-x^ hfflO^lcoPoly- S iWkil& 

OPoly- S xlSki^yf-y^X^^ y r U> X-tJX^iz 

[0 0 5 21 Cico^^&tc. :7n-x^>^y-h 

[0 0 5 31 ^^11. U y r U>X-fe;K7>ffeOfl|^^JUo 

[0 0 5 41 C:CT*li. 1 9 9 3 VLSI vV.^Kv 
»>A 5 lpolySEPROM*n >* y rJ^T* 

•To pa<?:)|£«4 lC0-«fUn-we 1 1 

4 2 7&^f^^?n. n-we I 14 2a^<r>U^{Zn* M 
OV-X43i3<^:^;fKl^>f>44;6^ n-well42 

<r>^6i'{zy-7.4 5iiXZfVU4 > 4 et^^ix-^tiM^ so ^ 

$tl-ri3i9> C:tt<bOHO^-v:T-;^«Jt4 7. 4 80± 

>^y-- h 4 9;&^Ktt'^ttTv>^o i-^t)^>. NMO 

5 t PMO S iii^m^^t>^fltzCMO Sfllig-Sr^t LT 

v^^o -etr. V-;^4 3i;5j:LFKU'^>4 4li1Eil5 

W-f >4 6liSAb$ttT:fet). NMOSSB^j^T&^gJc^^UiL 
LT««gL. PMOSffi5}^;d«=r> ^^- 
[0 0 5 51 ClOJld^lpolySEFROMWiStwiJV^ 
(PMOS) CCjstt'S)^ n--r ^ >^r- h tTiJ'r ^ 

ffl (NMOS) (c:fe{t^7n-x^ h tr^x 



9-181279 

72 

[0 0 5 61 Cioa^tl. L#v»(l^:t>i£AS*^fk 
it S: $ ^ U liX«» «: ifSn $ 

"T'lC i5 V ^ T P M O S i5 J: l/N M O S 0 ^ ^> ;P SitOB 

:ii\^h(nm9i^mt'^'^^fzrb\z\t. XS«ri« 
[0 0 5 71 ClOJidtwf^SiStt/iVyr W>><.-t;u 

[0 0 5 81 ':iOJ: 9 C:$:5l?g<7>»; y T P>;^^flt«:n 

/Sffl;6^^^IB-C*;5,o iTt:. 1 polyME P R OMflliSt L 
T{iCMOSaiStcK^^fc4<. IpolySEPROM 
With L'r53ie>*tTv^^-r-<r<0fl|iS(^<>O«rfflv^-2>C: 

[0 0 5 91 ^Jfet^. *#WO^<:om*fefl^,^,Uov^Tift?g 
[0 0 6 01 mi 4U. HlOUVr 

[0 0 6 11 -iKtw, -7 7 y >JL>(^u^o:T:»5Ht#• 
co^ »; -t L ^ v^«?:i6g.-t^ft*li/sc 1; >r 7 ^ 

[0 0 6 21 — tefi^tz, ^'^';-t;l'(Zi3v>T(i. L§v> 
(VthH ) (Vthl ) 

^^t>%. lai 5tc^-t<t dt^> VthH 0^»;y^r^(C{i 
7r ^IEEEVghS:^ Vthl V 7 r Y 7 
r ^mBEVGLSr^xTv^^o C: ^-CVghJ^ Vgl J: 0 

[0 0 6 31 — U 7 r 7 r ^ 

Lf>:v>4#ti^iC;()-;6>;b(b-r-^<7)KJEVR ^^entn^tt. ipJ 
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ii/ti^'j -7 r-r^ffS:4;t. -eo t §Stcn;i>^SS«: I r 

[0 0 6 4] 2|s:||Jgf^g8oU ■7T l->;^^aoi»'g^tr 
li> m 6 U:^-r J: 9 ^U-7r ^^EVcn (n = 
1, 2, 3) UitLr. U U>-:^-t:;P«gEIdn (n 
= 1, 2, 3) T-^'J 7r-f LTV^^t>ttT'fc'i)o 

10 0 6 51 tC'?>-C> :*:§IW"e{i|^— Vr 
U 7r PV;^-ir;KomiSaiRn(iS5r^o C^x^fUffli" 

^.fttcK^L^< t <>^u :7T'f ^fi^^ -<h7^5T-§;s>w 

til:«!"r^-i:-C^'; vr -YSrtrd^O-cab^o v^S, v 
go = Vr ii-t^^:. *-<7)y- hmiEt^aSOL^v^ll 

[0 0 6 61 ^h\z^ Z.(nz.h-^mm-t^h. [118(1 

r-<^^®. •t^t)*>VthL1. VthL2> VthL3. ^X.XfN 

thHi> VthH2. VthH3«:o< o;'i-^'&c:i:7&**>7&^^o 

[0 0 6 71 iiC^-C. -7^ y vjL^^ij-eti-r-^Hf 
y hcopga^e^^*^ ("'93 Symposiumu on VLSI 
Technology" 8 3-8 4M#fl9) o #t::'7 n-x >f > 

^>(^';-t;i/»tc*tLT. ^■fe;u«:-SM*L-r (f- 

T> 70-^ ^ >:rr- hU^^y hJi.UiJ' h n>«:aA 

?:^^9 (lEDM 9 1 -3 0 7 1 1. 4. 1 -1 
1,4. 4#Bg) ^ Lt^^L. C:tt<bii#ttV*^;^Oi»# 
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